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The  objective  here  is  to  provide  some  idea  of  needs  and 
opportunities  for  future  research  with  potential  for  providing  new 
capabilities  for  Army  systems.  The  technical  ^ectives  of  the 
program  are  1.  to  discover  the  atomic,  molecular  and  macroscopic 
processes  governing  deterioration  and  adhesion  of  materials,  2.  t 
provide  improved  materials  stability  and  longer  term  performance 
capability  for  Army  systems,  and  3.  to  educate  the  next  genera¬ 
tion  of  skilled  scientists  in  areas  of  Army  research  opportune  e 
and  needs. 

Two  principal  thrust  areas, (1)  Beam  Technology  and  Sur¬ 
face  Modification  and  (2)  Non-Destructive  Characterization  of 
Materials  and  Processes,  are  the  templates  for  fulfilling  the  techn 
cal  objectives  of  the  program.  New  directions  in  nondestructive 
characterization,  adhesion,  non-equilibrium  processing  of  refrac¬ 
tory  materials,  ultrastrong  laminates,  green  processing  o  corro 
sion  resistant  coatings  and  superhard  coatings  will  be  reviewed. 


Research  at  the  University  of ^ZTe'SiZaTe^0' 
lyn  Aita):  has  provided  a  charac  sputter  depositions.  These 

phase  maps)  for  refr^nr  "•» spectroscopic  plasma  character- 
results  have  depended  on  carefu  P^  Pf  fl|ms  with  x.rav, 
ization  and  determination  Jrs|  of  Mjchigan  (Bilello, 

XPS  and  other  me,h°ds-  J.  metals  laminates  project  where 

Yalisove  and  Srolovit  )  .  .  j  crystal  diffractometry  tech- 

synchrotron  topography  and  w  monitor  and  predict  residual 

of  nanolaminate  materials. 

A  current  program  in d—  — ^otrt 
urn  energy  ion  beams  is  under  y  spectrometry  using  medium 
Weller).  A  new  form  °<  b^^catte  g  P  developed  that  is 

energy  ions  and  time-of-fl.ght  detection  na  ^  ^  tj|ms. 
particularly  useful  for  characturizi  g  f  accomplished  with 


A.  rhPmical/BiolQglcaLDejg^1 


.  at  thp  university  of  Connecticut,  Koberstein, 
Previous  work  at  the  Unive Y  he  National  Science 

in  the  mid  to  late  1980  s  wa^°  tension  measurements  of  poly- 
Foundation  and  related  to  sur  Kramer  began  seminal 

mer  blends.  At  the  sanaeJim®  ropfficients  0f  organics  in  polymer 
work  to  measure  true  \  usi  .  spectrometry.  After  this 

glasses  with  Bu'herford  Ba  S  g^.P  ^  annihilation  meth- 

work  completed  new  effartS  ^  ,Y  p  continuing.  Their  aim  is  uJ 
ods  to  pc'/mers  were  s»rtedand» to  aging  and 

"^"^--eserve.  McGervey,  Simha 
and  Jamieson). 

p  c.irfarp  ModificatjonZBeaniJechnoiofl^ 

Although  initially 

properties  of  beam-treate  mg  with  plating  wastes  and  the 

concerning  environment  P  coating.  This  caused  a 

_ _ :„oi  cnhitinns  required  for  routine  codui  y 
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second  look  at  what  alternates  were  available.  Some  directions 
were  identified  that  potentially  could  reduce  the  costs  of  the  new 
technology.  Lawrence  Berkeley  Laboratory's  Ian  Brown,  an  innova¬ 
tor  in  high  current  sources  for  implantation,  was  cofunded  with 
the  Office  of  Naval  Research  to  further  develop  his  technology. 
University  of  Wisconsin-Madison  (John  Conrad),  has  been  evaluat¬ 
ing  the  potential  of  Plasma  Ion  Implantation  (PSII).  The  Madison 
group  has  had  continuing  transfers  of  technology  to  industry 
(Kearfoot-Singer)  for  space  bearings,  the  auto  industry  and  direct 
interactions  with  Army  organizations  ie.  Corpus  Christi  Army 
Depot,  Army  Materials  Technology  Laboratory  and  Rock  Island 
Arsenal.  Their  method  permits  non-line-of-sight  implantation  w:th 
relatively  uniform  doses. 

C.  Adhesion  and  Adhesives: 

The  previous  sections  as  they  relate  to  bonding  and  coating 
technology  have  already  touched  on  some  of  the  approaches  to 
improved  adhesion.  A  new  STM  effort  addressing  ceramic-metal 
bond  integrity  is  ongoing  with  Arizona  State  (Ig  Tsong).  At  Cor¬ 
nell,  Ed  Kramer  is  applying  fracture  mechanics  and  neutron 
reflectivity  measurements  to  understand  polymer/glass  inter¬ 
face/interphase  chemistry  and  improve  bonding  strengths  in 
composites  and  other  systems.  Problems  relating  to  effects  of 
adhesive  tackifiers  are  being  addressed  at  the  University  of  Akron 
and  imaging  of  adhesive  bonds  is  being  attempted  with  electron 
holographic  techniques  at  Stevens  Institute  of  Technology. 

D.  Non-destructive  Evaluation: 

The  strong  subfield  emphasis  on  materials  characterization 
as  reviewed  above  (hydrogen  analysis,  STM,  laser  diagnostics 
etc.)is  included  in  the  non-destructive  characterization  area.  An 
ongoing  program  in  the  area  is  being  carried  out  at  the  University 
of  Houston  (Salama)  with  the  cooperation  of  the  German 
Frauenhofer  Institute  for  Non-Destructive  Analysis  in  Saarbrucken. 
Here  metal  matrix  composite  third  order  elastic  constants  are 
being  measured  as  a  function  of  temperature.  The  results  are 
useful  in  formulating  mechanical  equations  of  state  for  these 
materials.  Additionally,  several  new  small  business  programs  have 


been  initiated  addressing  NDE  needs  in  chemical  biological  materi¬ 
als. 

I.  New  Needs  and  Directions: 

The  Army  of  the  next  century  will  require  greater  mobility, 
less  reliance  on  logistics,  and  the  ability  to  project  a  strong  force 
quickly  into  a  potential  troublespot.  Such  requirements  can  be 
translated  into  lighter  weight  systems  and  increased  reliability. 
Higher  temperature/pressure  operations  lead  to  increased  efficien¬ 
cy  but  also  increased  stresses  on  equipment  and  munitions.  New 
materials  including  lighter  weight  ceramic  engines,  a  range  of 
composite  materials,  graded  coatings,  and  new  polymers/elas¬ 
tomers  will  be  required.  Novel  hard  materials  such  as  CVD  dia¬ 
mond  and  cubic  boron  nitride  are  already  being  considered  for 
unusual  thermal  and  wear  resistant  applications.  Smart  coatings 
that  provide  stealth  effects  (neural  control  of  color  and  emissivity), 
decontamination  capabilities,  self  repair  etc.  are  within  the  realm 
of  possibility.  New  non-destructive  techniques  are  required  both 
to  assess  remaining  system  life  and  to  provide  in-situ  monitoring 
of  quality  manufacturing.  Additional  research  will  be  required  to 
improve  tribological  properties  of  ceramics.  Coatings  and  camou¬ 
flage  for  polymers  and  polymer  composites  will  have  increasing 
importance.  All  new  materials  and  systems  processing  will  have  to 
respond  to  increasing  requirements  for  environmentally  benign 
processing  and  recyclability.  Since  systems  performance  can 
often  be  significantly  accelerated  by  technical  breakthroughs,  it  is 
difficult  to  say  what  else  to  expect.  Our  ability  to  construct  and 
characterize  materials  at  the  nanolevel  will  certainly  reap  future 
basic  research  dividends,  many  of  which  are  now  unforseen. 
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